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© Improved method for manufacturing a laminate having at least ione pleated lamina. 



© A method for producing a laminate having at 
least one pleated lamina is disclosed. The method 
uses an apparatus having two rolls (22, 24) defining 
a nip, with at least one of the two rolls having 
circumferentially oriented grooves (26). The laminae 
(14, 16) are forwarded through the rolls in face to 



face relation. One lamina is pleated and the pleats 
are transversely registered with the circumferential 
grooves of the grooved roll as the laminae pass 
through the nip. The laminae may be autogenously 
or adhesively joined to produce the unitary laminate. 
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IMPROVED METHOD FOR MANUFACTURING A LAMINATE HAVING AT LEAST ONE PLEATED LAMINA 



TECHNICAL FIELD 



The present invention relates to a method of 
manufacturing a laminate having at least two 
laminae, at least one lamina of which is pleated in 
the machine direction. More particularly the inven- 
tion relates to a method of manufacturing such a 
laminate by using an apparatus having at least one 
circumferentially grooved roll. 



BACKGROUND OF THE INVENTION 



are transversely registered with the grooves of the 
grooved roll. The rolls are then pressed together 
about the plane generally perpendicular to and 
connecting the axes of the rolls to effect joining of 

5 the laminae. 

In one execution, a smooth lamina and a pleat- 
ed lamina may be provided and joined in face to 
face relation by passing through the laminae the 
nip defined by a smooth roll and a grooved roll, (n 

w a second execution, two pleated laminae are joined 
in face to face relation by passing the laminae 
through the nip defined by two circumferentially 
grooved rolls. 



Laminates having at least one pleated lamina 
are known in the prior art. For example, U.S. Patent 
4,377,431, issued March 22, 1983, to Chodosh 
teaches a fabric having three substantially coexten- 
sive laminae, one lamina of which is pleated. The 20 
prior art also teaches the use of rolls 22 and 24 
having circumferential grooves and lands to impart 
lateral stretch to a lamina, as, for example, shown 
by U.S. Patent 4,517,714, issued May 21, 1985, to 
Sneed et al. 25 

However, the prior art does not show a method 
to join at least two laminae in face to face relation, 
at least one lamina being pleated, using a process 
which does not provide significant constraints upon 
the speed of such joining method. Therefore, it is 30 
an object of this invention to provide a method of 
joining at least two laminae, at least one of which is 
pleated, in face to face relation, at relatively high 
speeds (e.g. greater than 120 meters per minute) 
and to do so using conventional and known equip- 35 
ment. It is further an object of this invention to 
provide a method which can produce a laminate 
having one pleated lamina or two pleated and op- 
positely facing laminae. 



SUMMARY OF THE INVENTION 



The present invention is a method for joining as 
two laminae, at least one of which is pleated, in 
face to face relation. The method comprises the 
steps of providing two laminae, at least one lamina 
being pleated, and two rolls having mutually par- 
allel axes and therebetween defining a nip. At least so 
one of the rolls has a plurality of circumferential 
grooves and circumferential lands intermediate the 
grooves. The laminae are passed through the nip in 
face to face relation with the pleated lamina facing 
the grooved roll. The pleats of the pleated lamina 



BRIEF DESCRIPTION OF THE DRAWINGS 



While the Specification concludes with claims 
particularly pointing and distinctly claiming the 
present invention, it is believed the same will be 
better understood by the following description tak- 
en in conjunction with the accompanying drawings 
in which like parts are designated by the same 
reference numeral, related or analogous parts are 
designated with a prime symbol and: 

Figure 1 is a vertical sectional view of a laminate 
produced according to the present invention and 
having one pleated lamina and one unpleated 
lamina; 

Figure 2 is a vertical sectional view of an ap- 
paratus used to produce the laminate of Figure 
1, as viewed in the machine direction; 
Figure 3 is an enlarged view of a portion of the 
apparatus of Rgure 2, showing the grooves and 
lands; 

Figure 4 is a vertical sectional view of a laminate 
produce according to the present invention and 
having two pleated laminae; 
Figure 5 is a vertical sectional view of an ap- 
paratus used to produce the laminate of Figure 
4, as viewed in the machine direction; 
Rgure 6 is a vertical sectional view of a laminate 
produce according to the present invention hav- 
ing one pleated lamina of nonuniform pitch; and 
Figure 7 is a vertical sectional view of an ap- 
paratus used to produce the laminate of Rgure 
6, as viewed in the machine direction. 



DETAILED DESCRIPTION OF THE INVENTION 



The present invention is directed to joining two 
laminae in face to face relation to produce a unitary 
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laminate 10, as illustrated in Rgure 1. The first 
lamina 12 of the laminate 10 is pleated with pleats 
16 oriented in the machine direction and the sec- 
ond lamina 14 is unpleated. The laminate 10 may 
be produced with the apparatus 20 illustrated by 
Rgure 2. The apparatus 20 comprises two rolls 22 
and 24 and the nip defined therebetween. 

Preferably, the roils 22 and 24 have generally 
straight axes, although rolls 22 and 24 having 
curved axes (not shown) may be used with the 
present invention as well. The rolls 22 and 24 are 
disposed and rigidly held by a frame (not shown) 
as is commonly known in the art, so that the axes 
of the rolls 22 and 24 are mutually parallel. The 
frame may support both ends of the rolls 22 and 
24. or the rolls 22 and 24 may be cantilevered from 
one end. 

The first roll 22 is circumferentially grooved 
and the second roll 24 has a generally smooth, 
uninterrupted circumference. As used herein, the 
term "groove" refers to a channel in the roll 22. 
which channel extends substantially around the cir- 
cumference of the roll 22. The bottom of the 
groove 26 is that face of the groove 26 which is of 
the least diameter. The sides of the groove 26 are 
those faces radially oriented and which extend from 
the bottom of the groove 26 to the outer circum- 
ference of the roll 22. The groove 26 may be of 
any suitable cross section, although a rectangular 
cross section, as shown, is generally, preferred. 

As illustrated in Figure 3. intermediate the 
grooves are lands 28. As used herein, the phrase 
"land" refers to any portion of the roll 22 intermedi- 
ate two grooves 26 and which has a diameter 
greater than that than of the bottom of either adja- 
cent groove 26. Each land 28 may be thought of as 
an annular cantilevered beam having a fixed end at 
the bottom of the grooves 26 and a free end at the 
outer circumference of the roll 22. It is not neces- 
sary that the land 28 be of constant diameter 
throughout the entire circumference. It is only nec- 
essary that the space between the grooves 26 be 
interrupted in diameter and that the grooves 26 are 
not contiguous. As used herein the "depth" of the 
groove 26 is the difference . between the radius at 
the bottom of the groove 26 and the greatest radius 
of the outermost portion of the adjacent land 28. As 
used herein the term "pitch" refers to the distance, 
taken parallel to the axis of the roll 22, between the 
circumferential centerlines of adjacent grooves 26, 
or the distance between centerlines of adjacent 
pleats 16 of the pleated lamina 12. 

Disposed on the distal end of the land 28 of 
the grooved roll 22 or on the periphery of the 
smooth roll 24 and registered with the lands 28 of 
the grooved roll 22 may be one or more generally 
radially oriented upstanding protrusions 30. The 
upstanding protrusions 30 may be generally cylin- 



drically or rectangularly shaped, and provide dis- 
crete bonding points for the laminae 12 and 14 
passing through the nip. The protrusions 30 have a 
height of about 0.5 millimeters (0.020 inches) and a 

s diameter of about 0.5 millimeters to about 1.4 mil- 
limeters (0.20 inches). The rolls 22 and 24 are 
pressed together to effect joining the laminae 12 
and 14. The protrusions 30 provide sites of in- 
creased compressive pressure, so that a more sta- 

10 ble bond is obtained. Preferably, the protrusions 30 
are not circumferentially registered, so that the 
bonding sights are transversely staggered on the 
resulting laminate 10. 

The diameters of the rolls 22 and 24 are cen- 
ts trolled by the compressive force used to urge the 
rolls 22 and 24 together and the length of the rolls 
22 and 24. As either parameter increases, the 
minimum diameter of the grooved roll 22 
(measured at the bottom of the grooves 26) must 

20 increase accordingly. The diameter of the roll 22 at 
the outer periphery of the lands 28 is then selected 
in accordance with the desired pleat height. The 
diameter of the second roll 24 is preferably dif- 
ferent from, but no less than, the minimum diam- 

25 eter of the grooved roll 22 - so that adequate 
strength is maintained, but the same points on the 
circumferences of the rolls 22 and 24 do not con- 
tact on each revolution. Generally as the difference 
between the diameter of the roll 22 at the bottom of 

30 the grooves 26 and the diameter at the circum- 
ference of the lands 28 increases, the lands 28 
should be made wider to provide adequate strength 
and to preclude axial movement of the distal ends 
of the lands 28. 

35 The width and pitch of the grooves 26 of the 
grooved roll 22 should correspond generally to the 
width and pitch of the pleats 16 of the pleated 
lamina 12. For pleats having a pitch less than about 
0.17 inches, the grooves 26 may be about 10 

40 percent wider than the desired pleats 16 to allow 
for variations in tracking and volume of the pleated 
lamina 12. Further, the grooves 26 should have a 
depth sufficient to accommodate the size of the 
pleats 16, otherwise wrinkling of the pleated lamina 

45 12 may occur. 

Pleat sizes ranging in height from about 0.8 
millimeters to about 6.4 centimeters (0.03 inches to 
0.75 inches) and grooves 26 having a pitch ranging 
from about 2.5 millimeters to 13 millimeters (0.10 

so inches to 0.50 inches) work well with the method 
disclosed herein. Thus the grooves 26 may ad- 
vantageously be made of any size within this 
range, or of other sizes and geometries as desired. 
The second roll 24 is relatively smooth, being 

55 ungrooved, corresponding to the second lamina 14 
of the laminate 10. Generally as the force com- 
pressing the first and second rolls 22 and 24 in- 
creases, or the length of the rolls 22 and 24 in- 
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creases, a larger diameter second roll 24 is de- 
sired. Alternatively, the second 24 roll may be 
slightly bowed towards the first 22 roll so that 
constant surface interface Is maintained between 
the rolls 22 and 24. 

Each roll 22 and 24 is free to rotate about its 
respective axis. The rolls 22 and 24 rotate in the 
opposite sense - so the circumferences of the rolls 
22 and 24 are traveling in substantially the same 
direction at the nip. Preferably, both rolls 22 and 24 
are externally driven, particularly as higher pro- 
cessing velocities are utilized. Alternatively, the first 
roll 22 may be externally driven, and the second 
roll 24 rotated by the tangential frictional compo- 
nent of the laminae 12 and 14 passing through the 
nip. The laminae 12 and 14 may pass through nip 
at a velocity of about 120 to about 310 meters per 
minute (400 to 1,000 feet per. minute). For speeds 
of about 120 meters per minute, or greater, a motor 
of about 7500 watts for each roll 22 and 24 is 
suitable. It is not, however, necessary that the 
surface velocity of the rolls 22 and 24 be matched. 

The laminae 12 and 14 are held in face to face 
relation and pass through the nip in the machine 
direction. As used herein, the term "machine direc- 
tion" refers to that direction generally perpendicular 
to both axes of the rolls 22 and 24 and the plane 
which connects the axes of the rolls 22 and 24. 
Furthermore, as used herein, the term "cross ma- 
chine direction" refers to the direction generally 
parallel to the axes of the rolls 22 and 24 and 
perpendicular to the machine direction. The "nip 
pfane" is that plane generally perpendicular to the 
plane which connects the axes of the rolls 22 and 
24 and which intercepts the nip of the rolls 22 and 
24. 

The laminae 12 and 14 may be composed of 
any material suitable for the end-use application. 
Generally, as the thickness of the pleated lamina 
12 increases, the pitch of the grooves 26 should 
increase to accommodate the greater amount of 
material present. The process described herein is 
successfully used with elastomeric, paper and 
polyolefinic laminae 12 and 14, such as poly- 
propylene and polyethylene. The pleated lamina 12 
may have a thickness ranging from about 0.02 
millimeters to about 0.5 millimeters (0.0008 inches 
to 0.02 inches). The pleated lamina 12 may be 
either a film or a nonwoven material. The unpleated 
lamina 14 may be elastomeric. The unpleated 
lamina 14 may be a nonwoven material, but is 
preferably a film. 

The first lamina 12 is pleated, using any means 
well known in the art for providing "pleats", i.e. 
portions displaced from the plane of the lamina 12, 
which pleats are oriented substantially parallel to 
the machine direction. Suitable pleating methods 
are disclosed in U.S. Patent 4,252,591, issued Feb- 



ruary 24, 1981 to Rosenburg, and Canadian Patent 
758,794, issued May 16, 1967 to Ives et al.. which 
patents are incorporated herein by reference for 
the purpose of showing suitable methods to pro- 
s vide machine direction oriented pleats. The second 
lamina 14 is used in a relatively smooth, unpleated 
condition. 

The laminae 12 and 14 are preferably supplied 
from individual supply rolls 22 and 24 (not shown). 

70 Each supply roll is mounted with its respective axis 
generally parallel that of the rolls 22 and 24 and 
upstream of the nip. The laminae 12 and 14 are 
brought together in face to face relation either by 
using tracking rolls- (not shown) or directly through 

75 the nip of the roils 22 and 24. The laminae 12 and 
14 may be pulled through the nip by takeup rolls 
22 and 24 (not shown). The laminae 12 and 14 
may pass through the nip at the same surface 
velocity or, if desired, at a different surface ve- 

20 locity, 

The pleated lamina 12 is transversely regis- 
tered with the grooves 26 so that preferably the 
centerline of each pleat 16 is aligned with the 
centerline of each groove 26. This may be accom- 

25 plished by transversely adjusting the position of the 
supply roll, or the position of the last roll which the 
pleated lamina 12 crosses, relative to the position 
of the grooved roll 22. Such adjustment may be 
accomplished by axial movement of either the sup- 

30 ply roll or the grooved roll 22. It is important that 
the pleated lamina 12 travel through the nip in a 
direction parallel to the machine direction, other- 
wise wrinkling and bunching of the lamina 12 within 
the grooves 26 and at the nip may result. There- 

35 fore, the axis of the supply over for the pleated 
lamina 12 should be generally parallel to the nip. 

It is important that the pleated lamina 12 not 
become wrinkled or transversely misregistered with 
the grooves 26 of the grooved roll 22. If this 

40 occurs, the pleats 16 may become laterally ten- 
sioned and a laminate 10 of uniform pitch and the 
desired aesthetics may not result. Typically, if the 
pleats 16 should become laterally tensioned (e.g. 
due to a geometry mismatch with the grooves 26 

45 of the first roll 22 or not being registered with the 
grooves 26) a relatively large pleat 1 6 will result at 
the point the pleated lamina 12 was tensioned and 
a relatively small pleat 16 will result elsewhere, due 
to the relative loss and transfer of material neces- 

so - sary to form the larger pleat 16. 

The position of the unpleated lamina 14 relative 
to the nip is not critical. It is only necessary that 
the transverse ends of the laminae 12 and 14 be 
coterminous, otherwise the resulting laminate 10 

55 will have a single lamina at each edge. Although it 
is not critical, the unpleated lamina 14 should pass 
through the nip generally parallel to the machine 
direction, otherwise the unpleated lamina 14 may 
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not be properly joined to the pleated lamina 12. 

The confluent laminae 12 and 14 are joined at 
the nip or after passing through the nip. The 
laminae 12 and 14 may be joined by adhesive or 
autogenous bonding. If adhesive bonding is se- 
lected, the adhesive is applied to the face of either 
lamina 12 or 14 which is oriented towards the other 
lamina 12 or 14. Alternatively, an adhesive lamina 
(not shown) may be interposed between the pleat- 
ed 12 and unpleated lamina 14 so that a laminate 
10 having three laminae is formed; with a central 
lamina of adhesive and two outboard laminae 12 
and 14. one pleated, one unpleated. as described 
above. One suitable method for producing such a 
three laminae laminate 10 is disclosed in U.S. 
Patent 4,377.431 issued March 22. 1983, to 
Chodosh and incorporated herein by reference for 
the purpose of showing how to produce such a 
laminate 10. Pressure sensitive adhesive marketed 
by The Century Adhesives Company of Columbus, 
Ohio as a diaper chassis adhesive has been found 
to work well for adhesive joining of the laminae 12 
and 14. 

Alternatively, a three (or more) laminae lami- 
nate 10 having a nonadhesive central lamina may 
be formed. If a nonadhesive central lamina is se- 
lected, the three (or more) laminae may be joined 
by autogenous bonding. 

If autogenous bonding is selected, it may be 
accomplished by heating the rolls 22 and 24 and 
pressing the rolls 22 and 24 together about the 
plane generally perpendicular to and connecting 
the axes of the rolls 22 and 24. Additionally, the 
laminae 12 and 14 may be drawn through the nip 
at a differential velocity of about 2% to about 40% 
of the velocity of the lamina 12 or 14 having the 
lower velocity at the plane of the nip. Autogenous 
bonding, as described in U.S. Patent Application 
Serial No. 07/064,896, Issue Batch Number R53. 
filed June 19, 1987 in the name of Ball et al., has 
been found suitable, which application is incor- 
porated herein by reference for the purpose of 
showing a particularly preferred method of auto- 
genous bonding. 

The rolls 22 and 24 may be pressed together 
so that a pressure of about 42,200,000 to about 
56,200.000 kilograms per square meter (60,000 to 
80,000 pounds per square inch) is obtained and the 
laminae 12 and 14 are brought into contacting 
relationship at the positions of the lands 28. The 
pressure is measured by dividing the compressive 
force applied to the rolls 22 and 24 by the area of 
the protrusions 30 at the bonding footprint. The 
bonding footprint is obtained by inserting an un- 
pleated stationary lamina 14 between the rolls 22 
and 24 and compressing the rolls 22 and 24 with a 
known force until an impression on the lamina 14 is 
obtained from each protrusion in the vicinity of the 



nip. The area of each protrusion and the number of 
impressions are counted and summed to yield the 
effective bonding area. This area is divided into the 
applied force to yield the compressive pressure on 

5 the roll 22 or 24 having the protrusions 30. 

A nonlimiting example of the process disclosed 
herein found suitable for producing a laminate 10 
having two laminae 12 and 14, one pleated, one. 
unpleated is as follows. A first lamina 12 having 

to pleats of about 9.5. millimeters (0.38 inches) 
height, about 4.7 millimeters (0.19 inches) width, 
and a pitch of about 6.4 millimeters (0.25 inches) is 
provided. The second lamina 14 is unpleated and 
generally smooth. Both laminae 12 and 14 are 

is made of a thermoplastic material, particularly poly- 
propylene. The first lamina 12 is a polypropylene 
nonwoven material of about 2.2 denier and a basis 
weight of about 24 grams per square meter (20 
grams per square yard). The second lamina 14 is a 

20 polypropylene film having a thickness of about 0.2 
millimeters (0.008 inches). 

Two rolls 22 and 24 are provided. The first roll 
22 is grooved, with grooves 26 of about 9.5 mil- 
limeters (0.38 inches) in depth, about 4.7 millime- 

25 ters (0.19 inches) in width and of about 6.4 millime- 
ters (0.25 inches) in pitch. The maximum diameter 
of the roll 22 is about 15.2 centimeters (6 inches) 
and the diameter at the bottom 26 of the grooves is 
about 14.0 centimeters (5.5 inches). The second 

30 roll 24 is not grooved and has a diameter of about 
29 centimeters (1 1 .4 inches). Both rolls 22 and 24 
have straight and mutually parallel axes, and are 
about 33 centimeters (13 inches) long. 

The second roll 24 has 36 equally spaced 

35 protrusions 30 corresponding to the axial position 
of each land. Each protrusion 30 is about 3.8 
millimeters (0.015 inches) in radial dimension and 
has a parallelogram shaped surface of about 1.9 
square millimeters (0.003 square inches). The rolls 

40 22 and 24 are pressed together with a force of 
about 2500 kilograms (5600 pounds), so that a 
pressure of about 49,200.000 kilograms per square 
meter (70,000 pounds per square inch) is obtained 
on the raised protrusions 30 of the circumferentially 

45 grooved roll 22. 

The laminae 12 and 14 are drawn through the 
nip defined by the rolls 22 and 24 at a uniform and 
constant velocity of about 180 meters per minute 
(600 feet per minute). Both rolls 22 and 24 are 

so heated to a surface temperature of about 82 *C to 
provide for autogenous bonding of the laminae 12 
and 14. The resulting laminate 10 has pleats 16 of 
generally uniform pitch, height, and width. 

Variations in the disclosed method of produc- 

55 ing a pleated laminate 10 are feasible. For exam- 
ple, as shown in Figure 4, a laminate 10 having two 
pleated laminae 12', each with oppositely facing 
machine direction oriented pleats 16 can be pro- 
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duced by the method described herein. Referring 
to Figure 5, to produce such a laminate 10 , it is 
only necessary two grooved rolls 22 and the nip 
defined therebetween, be provided, and that at 
least two, and preferably more, of the lands 28' of 
the grooved rolls 22 be transversely registered. 

Two laminae 12' having longitudinal pleats 
made of either the same or different materials, and 
formed as described above, are provided and con- 
fluently passed through the nip in face to face 
relation with the pleated surfaces of the laminae 
12' facing outwardly and oppositely from each oth- 
er. The pleats 16' of the laminae 12' are matched 
in geometry to the circumferential grooves 26' of 
the rolls 22' and transversely registered as de- 
scribed above. The laminae 12' are then joined, 
either adhesively or autogenously as described 
above. 

In another variation of the method of making 
the first above-described laminate 10, a laminate 
10" having a pleated lamina 12" of nonuniform 
pitch, and a unpleated lamina 14" results, as illus- 
trated in Figure 6. Referring to Figure 7, to produce 
such a laminate 10 , a circumferentially grooved 
roll 22* having a nonuniform pitch, i.e. the spacing 
between adjacent grooves 26 varies along the 
axial length of the roll 22*. is provided. A roll 24 
which is not grooved is also provided. A first lamina 
14" is provided, having pleats 16" of nonuniform 
pitch, corresponding to the width and pitch of the 
grooves 26" of the first roll 22". The first lamina 12" 
and a second unpleated lamina 14" are confluently 
passed through the nip in face to face relation as 
described above. This process yields laminate 10" 
having one lamina 12" with spaced pleats 16" of a 
nonuniform and variable pitch and one unpleated 
lamina 14 . Thus, the grooves 26" of the grooved 
roll 22" may either be spaced on a uniform pitch or 
on a nonuniform pitch. 

It will be apparent to one skilled in the art, that 
the two variations described above may be com- 
bined to produce a laminate 10' having two 
laminae 12 with outwardly facing pleats 16 of a 
different but uniform pitch or having one or two 
nonuniform pitches. This execution may be com- 
bined with the three laminae laminate 10, dis- 
cussed above, so that a laminate 10' having two 
pleated outboard laminae 12' and a central un- 
pleated lamina results. 

Another feasible variation is to utilize elasticaliy 
extensible laminae 12 and particularly 14, exten- 
sible perpendicular to the pleats 16, so that the 
resulting laminate 10 has elastic properties and 
may be stretched. A preferred elasticaliy extensible 
embodiment has an unpleated elastomeric lamina 
14 joined to a pleated lamina 12. The unpleated 
lamina 14 may be stretched either before or after 
being joined to the pleated lamina 12. Another 



preferred elasticaliy extensible embodiment has 
two outboard pleated laminae 12' and a central 
elastomeric unpleated lamina. 

If the unpleated lamina 14 is stretched in the 

5 machine direction prior to bonding, or if the pleated 
and unpleated laminae 12 and 14 or both pleated 
laminae 12' are extensible in the direction gen- 
erally parallel to the pleats 16, a laminate 10 or 10' 
having 'bielastic properties' may be produced and 

70 stretched parallel or perpendicular to the pleats 16. 
It will be further apparent, that other variations in 
the method disclosed herein and laminate 10 pro- 
duced hereby may be made without departure 
from the spirit and scope of this invention. 

75 

Claims 

1. A method of joining two laminae in face to face 
20 relation, at least one lamina having pleats, said 

method comprising the steps of: 
providing a first lamina and a second lamina, at 
least said first lamina having pleats; 
providing a first roll and a second roll having mutu- 
25 ally parallel axes and defining a nip therebetween, 
at feast said first roll having a plurality of circum- 
ferential grooves and lands intermediate said 
grooves; 

passing said laminae through said nip in face to 
30 face relation, whereby said first lamina faces said 
first roll; 

transversely registering the pleats of said pleated 
lamina with said grooves of said grooved roll; 
pressing said rolls together about the plane gen- 
35 erally perpendicular to and connecting the axes of 
said first and second rolls so that said laminae 
contact each other at a position corresponding to 
said lands; and 

bonding said laminae together at said positions of 
40 contact. 

2. A method of joining two laminae in face to face 
relation, one lamina having pleats and one lamina 
being unpleated, said method comprising the steps 
of: 

45 providing a first lamina, having pleats and a second 
lamina being unpleated; 

providing two rolls having mutually parallel axes 
and defining a nip therebetween, a first roll having 
a plurality of circumferential grooves and lands 

50 intermediate said grooves and a second roll not 
having circumferential grooves and lands; 
passing said laminae through said nip in face to 
face relation, whereby said first lamina faces said 
first roll and said second lamina faces said second 

65 roll; 

transversely registering the pleats of said first 

lamina with said grooves of said first roll; 

pressing said grooved roll and said smooth roil 
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together about the plane generally perpendicular to 
and connecting the axes of said first and second 
rolls so that said laminae contact each other at a 
position corresponding to said lands; and 
bonding said laminae together at said positions of 
contact. 

3. A method of joining two laminae in face to face 
relation, each lamina having pleats, said pleats of 
said laminae being substantially mutually parallel 
and outwardly facing, said method comprising the 
steps of: 

providing a first lamina having pleats and a second 
lamina having pleats; 

providing two circumferentially grooved rolls, a first 
roll and a second roll, having mutually parallel axes 
and defining a nip therebetween, each said roll 
having a plurality of circumferential grooves and 
lands intermediate said grooves, at least one land 
of said first roll being transversely registered with 
at least one land of said second roll; 
passing said laminae through said nip in face to 
face relation, whereby said pleats are oppositely 
disposed and said pleats of said first lamina face 
said grooves of said first roll and said pleats of said 
second lamina face said grooves of said second 
roll; 

transversely registering the pleats of said first 
lamina with said grooves of said* first roll and the 
pleats of said second lamina with said grooves of 
said second roll; 

pressing said rolls together about the plane gen- 
erally perpendicular to and connecting the axes of 
said rolls so that said laminae contact each other at 
a position corresponding to said lands; and 
bonding said laminae together at said positions of 
contact. 

4. The method of Claims 1, 2 or 3 wherein at least 
one of said laminae are passed through said nip at 
a velocity of about 120 meters per minute to about 
310 meters per minute. 

5. The method of Claim 4 wherein said laminae 
pass through said nip at a velocity differential of at 
least about 2% of the velocity of the lamina having 
the lesser velocity. 

6. The method of Claims 1, 2 or 3 wherein said 
rolls 22 and 24 are pressed about the plane gen- 
erally perpendicular to and connecting the axes of 
said rolls so that a pressure of about 42.200,000 
kilograms per square meter to about 56,200,000 
kilograms per square meter is obtained on at least 
one roll. 

7. The method of Claims 1, 2 or 3 further compris- 
ing the step of heating at least one of said rolls to a 
temperature sufficient to effect joining of said 
laminae. 

8. The method of Claims 1, 2 or 3 wherein each of 
said grooved rolls have a pitch selected from the 
group consisting of uniform spacing and non- 



uniform spacing. 

9. The method of Claims 1, 2 or 3 further compris- 
ing the step of interposing a third lamina between 
said first lamina and said second lamina, so that a 

5 laminate having three laminae joined in face to face 
relation is formed. 

10. The method of Claims 1. 2 or 3 further com- 
prising the step of stretching at least one of said 
laminae. 
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